Background: Cycling is a popular sport among men. Despite its health benefits, fears have been raised regarding its effects on erectile dysfunction (ED), fertility, and on serum prostate-specific antigen levels. This study aimed to examine associations between regular cycling and urogenital abnormalities in men. Methods: A cross-sectional population study of 5,282 male cyclists was conducted in 2012-2013 as part of the Cycling for Health UK study. The data were analyzed for risk of self-reported ED, physician-diagnosed infertility, and prostate cancer in relation to weekly cycling time, categorized as < 3.75, 3.75-5.75, 5.76-8.5, and > 8.5 hours/week. Results: There was no association between cycling time and ED or infertility, disputing the existence of a simple causal relationship. However, a graded increase ( p-trend = 0.025) in the risk of prostate cancer in men aged over 50 years (odds ratios: 2.94, 2.89, and 6.14) was found in relation to cycling 3.75-5.75, 5.76-8.5, and > 8.5 hours/week, respectively, compared to cycling < 3.75 hours/week. Conclusions: These null associations refute the existence of a simple causal relationship between cycling volume, ED, and infertility. The positive association between prostate cancer and increasing cycling time provides a novel perspective on the etiology of prostate cancer and warrants further investigation.
Introduction

I
n 2012, 600 million more miles were ridden by bicycle on British roads compared to in 1993. 1 About 80% of these bicycle miles were ridden by men. 2 Increasing physical activity has many benefits; exercise intensity and frequency surpassing national guidelines has been shown to reduce the risk of type II diabetes mellitus, coronary heart disease, and stroke. [3] [4] [5] Therefore, increased physical activity and cycling in the population may herald radical improvements in the mortality and morbidity burden. Despite these potential benefits, high levels of cycling in men demand specific considerations. The effects of cycling on urogenital abnormalities such as erectile dysfunction (ED), infertility, and raised prostate-specific antigen (PSA) levels in men have been of particular interest, in addition to other issues, including hematuria, perineal soft tissue injury, priapism, and testicular cancer. 6 These issues have been attributed to a wide range of mechanisms from the effects of repetitive trauma to risk of exposure to dangerous chemicals impregnated in bicycle saddles. 7, 8 The anatomy of the perineum and the specific demands of cycling have been a major focus of investigation. The perineum contains the prostate gland and permits transit of many important neurovascular structures that supply the penis. Consequently, many urogenital abnormalities found in cyclists have been attributed to compression of these important structures. Reductions in penile blood flow and nerve entrapment syndromes have been described in cyclists with ED. [9] [10] [11] Alterations in sperm morphology among long-distance cyclists have also raised concerns regarding fertility and have been attributed to the adverse effects of elevated scrotal temperature. 11, 12 In addition to this, compression of the prostate gland and changes in venous flow dynamics have been suggested to increase PSA release, which helps to explain elevated PSA levels observed in some studies of cyclists. 13, 14 As already discussed, increasing cycling levels in the population has huge potential gains for public health, particularly when only 4% of women and 6% of men reach current minimum guidelines regarding physical activity. 15 However, there is a need to understand fully the possible benefits and risks posed to current and prospective cyclists. But it has been difficult to examine dose-response associations between health outcomes and cycling volume because previous measurements in cross-sectional studies have been crude and cycling activity in the general population is relatively low. 16 Experimental trials using control groups to explore issues on cycling and men's health have several limitations; the smaller numbers of participants and artificial study environments used in these studies limit their statistical power and real-life meaning compared to larger observational studies. The Cycling for Health UK study aims to examine cycling habits and current health in a population of habitual cyclists. It is the largest sample size to date and provides an unparalleled opportunity to learn more about urogenital abnormalities in men who cycle. We hypothesized an association between weekly cycling volume and genitourinary problems, including ED, infertility, and prostate cancer.
Methods
Study design and participants
The study design was based on The National Runners Health Survey. [3] [4] [5] 17 In the present study, an online survey was advertised via cycling magazines and UK cycling bodies from October 2012 to July 2013. The aim was to conduct a crosssectional analysis based on participants from a variety of cycling backgrounds ranging from commuters to amateur racing cyclists. The study had ethical approval from the University College London Graduate School Ethics committee. Participation in the survey indicated informed consent.
Survey measures
The survey included questions on demographics (age, sex, and education), cycling history (number of years cycling, average weekly total and commuting cycling distance, time, speed, and best times for various standard distance competitive cycling races), weight, height, and resting heart rate (self-recorded at the radial artery from the ventral aspect of the wrist). In addition, information was collected on alcohol intake, current and past cigarette use, history of cardiovascular events (heart attacks, stroke) and any cancers, as well as treatment for or diagnosis of hypertension, high cholesterol, or diabetes. Information regarding participation in noncycling physical activities was also collected using the International Physical Activity Questionnaire.
Outcome measures
Participants were asked to report whether they had suffered from ED in the last 5 years and then asked if they had been diagnosed with infertility or prostate cancer by a physician. Diagnoses reported before the onset of regular cycling (i.e., once per week or more) were excluded from analysis.
Statistical analysis
Multiple logistic regression was used to compute odds ratios with corresponding 95% confidence intervals (CI) for the association between cycling hours/week and ED, infertility, and prostate cancer. For these analyses, cycling hours/ week was categorized into four equal groups. The models were adjusted for potential confounding factors, including age, smoking (never, previous, current), weekly alcohol intake (0 units, ), physician-diagnosed hypertension, and, lastly, for other physical activities (0 hours/ week; 1-3; > 3-7; > 7). Analysis for cycling volume and prostate cancer was conducted among the men aged over 50 years only (n = 2,027) as prostate cancer under the age of 50 years accounts for less than 1% of diagnoses. 18 Analyses were conducted using SPSS version 21.
Results
Data from 5,282 male cyclists were analyzed, although 56 participants with missing data on outcome were excluded from analyses on ED. Excluded participants did not differ in terms of their cycling characteristics. Mean age was 48.2 years (range 16-88 years); mean BMI, 25.3 kg/m 2 (10.1% obese); 3.8% of the cyclists sampled were current smokers; 58.6% of the sample consumed less than 21 units of alcohol per week; and 13.5% reported hypertension. Participants cycled on average 4.2 -1.9 days/week, for 6.5 -4.2 hours/week.
Self-reported ED, infertility, and prostate cancer were prevalent in 8.4%, 1.2%, and 0.8% of the sample, respectively. In the over 50-year age group, prostate cancer was reported in 1.8% of the cohort. No direct relationship was observed between cycling hours/week and ED ( p-trend = 0.19) ( Table 1 ). The strongest predictors of ED included hypertension (multivariate adjusted odds ratio = 1.94; 95% CI, 1.53-2.46), smoking (2.34, 1.46-3.73), and > 60 years of age (8.70, 4.78-15.85). Years of regular cycling ranged from 1-78 years (mean 22.9 -18.5 years). There was no relationship between years of regular cycling (once per week or more) and ED. In sensitivity analysis, participants with less than 5 years of cycling experience were removed in order to ensure that ED symptoms were not present before the initiation of habitual cycling. However, in these analyses the association between cycling volume and risk of ED remained unchanged after controlling for age ( p-trend = 0.51).
There was also no linear association between cycling and infertility ( p-trend = 0.14), although cycling 3.75-5.75 hours/ week was associated with decreased odds of infertility (odds ratio = 0.44; 95% CI, 0.21-0.94) ( Table 2) .
Physician-diagnosed prostate cancer in those aged over 50 years, however, demonstrated a direct dose-response relationship with cycling hours/week after adjusting for possible confounding variables, including age. Cycling 3.75-5.75, 5.76-8.5, and > 8.5 hours/week versus < 3.75 hours were associated with odds ratios of 2.94 (95% CI, 0.74-11.64), 2.89 (95% CI, 0.76-10.96), and 6.14 (95% CI, 1.73-21.76) of being diagnosed with prostate cancer, respectively ( p-trend = 0.025) (Table 3). In order to check that these results were not explained by increased health-seeking behavior, associations between cycling volume and yearly consultations with primary care physicians were examined. Yearly consultations with primary care physicianswere not associatedwithcycling volumein men aged over50years.Overall,48%ofparticipantsreportedvisitingtheir primary health physician once or twice in the past year, with no statistically significant difference between cycling volume groups( p-value = 0.52).Thissuggeststhathigheractivitylevels were not associated with increased health-seeking behavior.
The validity of self-reported cycling volume was analyzed by correlating resting heart rate with reported physical activity, since low resting heart rate is representative of aerobic conditioning. A significant inverse relationship was observed between self-reported cycling volume and resting heart rate consistent with increased cardiovascular fitness. Cycling volume was measured by hours spent cycling per week and metabolic equivalent of task values (MET-hour), which are ratios of energy expenditure relative to resting metabolic rate. Each MET-hour/week of cycling was associated with -0.07 beats/minute (95% CI, -0.08 to -0.06) reduction in heart rate after adjusting for age.
Discussion
In this large cross-sectional observational study of cyclists, weekly cycling duration was not associated with ED or infertility. However, a dose-response association between cycling time and prostate cancer was demonstrated, which was particularly marked in participants cycling over 8.5 hours/ week. Causality cannot be inferred from these cross-sectional associations, nor can they completely discount previous suggestions that high cycling activity can lead to infertility and ED. Well-designed randomized controlled trials can help to clarify the direction and extent of causation. However, this study is one of many similarly designed works on exercise and health that use large cross-sectional analysis to provide sufficient statistical power to demonstrate biological gradients between exercise and health outcomes. [3] [4] [5] Biological gradients between risk factor exposure and health outcomes are key features in describing causal relationships in epidemiological data. Although our data cannot confirm causality on its own, this study-the biggest study to date looking at the health of cyclists-provides important population data showing associations of cycling volume with ED, infertility, and prostate cancer among habitual cyclists.
Numerous studies have observed a link between cycling and ED. Andersen and Bovim 19 surveyed 160 cyclists participating in a 540 km annual Norwegian bike tour: 21% of males reported penile numbness and 13% reported symptoms of impotence, 11% of whom experienced symptoms for longer than 1 week. Indeed, several epidemiological investigations of ED and cycling have studied participants during mass-participation cycling events. [19] [20] [21] A major limitation of these studies, however, is that mass-participation events can see amateur cyclists cycling above and beyond their normal volumes. Studying these cyclists undertaking such unusual activity over a short period of time leaves little opportunity to see their symptoms plateau and subside. Indeed, cycling versus inactivity has been shown to be a protective factor for ED. 22 The Bradford Hill criteria for causation stipulate that strength of association, consistency, specificity, experimentation, plausibility, coherence, temporality, analogy, and biological gradients are important factors to infer causation. 23 Studies investigating ED in cyclists posit highly plausible explanations for the phenomena and, indeed, there is compelling evidence by strength of association, using observational as well as experimental study design; however, none have been able to demonstrate a biological gradient. 9, 10, [19] [20] [21] 24, 25 In this study, 441 cases of ED were identified (8.4% of the cohort); however, a biological gradient between cycling hours/week could not be identified, which suggests that there is not a simple causal relationship between cycling and ED. This was unlikely to be confounded by participants cycling less as a consequence of ED as similar numbers of cases were found in groups < 3.75, 3.75-5.75, 5.76-8.5, and > 8.5 hours/week. Indeed, it could be that participants had previously been diagnosed but their symptoms have subsequently subsided, allowing them to return to their normal cycling volumes. In this study, data on self-reported ED in the past 5 years were collected. In contrast to the other survey measures, a physician diagnosis was not required; this is because ED can often be underreported. Furthermore, in contrast to studies using mass-participation cycling events, [19] [20] [21] this population of habitual cyclists demonstrated a lower proportion of ED, which demonstrated no direct relationship with cycling volume. This study questions the simple causal relationship between cycling and ED that has been inferred by prior studies.
Several large community-based studies of ED have been conducted in the United States. In the Massachusetts Male Aging Study (MMAS), 26 an overall prevalence of 52% ED was reported. In the U.S. National Health and Social Life Survey, the prevalence of sexual dysfunction in males (not specific ED) was 31%. 27 In a European study, the Cologne study of men aged 30-80 years, the prevalence of self-reported ED was 19.2%, with a steep age-related increase from 2.3% to 53.4%. 28 However, the prevalence of ED in this cohort (8.4%) is lower than that in other studies. Several reasons might account for this: one reason might be differences in the questionnaires used to assess ED; another could be that the cyclists studied had relatively low rates of risk factors for ED (e.g., smoking and hypertension) compared with the general population. Indeed, results of MMAS demonstrated lower rates of ED among cyclists compared to noncyclists; this was attributed to improved cardiovascular health among cyclists. 26 Nevertheless, after cross-sectional analysis, there was no biological gradient between cycling and ED. Furthermore, the prevalence of ED was lower than that in studies on the wider population. With this in mind, this study emphasizes that cycling and ED may not share a simple cause-and-effect relationship. The previous studies exploring ED and cycling may overemphasize its significance among regular cyclists and do not account for the cardiovascular benefits that can prevent ED.
There was no direct relationship between cycling hours/week and risk of infertility. Compared to cycling < 3.75 hours/week, cycling 3.75-5.75 hours/week was associated with a reduced odds ratio of 0.44 (95% CI, 0.21-0.94), which reached statistical significance. This association was not statistically significant at higher cycling volumes. Although it is difficult to interpret the importance of the observed protective effect of cycling 3.75-5.75 hours/week observed in the cohort, the low prevalence of infertility and absence of direct relationship is important. The absence of a positive association between cycling and infertility allays concerns raised by previous studies about observed alterations in sperm characteristics in cyclists. 11 It would have been of interest to determine the sperm characteristics of the men before initiation of habitual cycling, although these data were not collected. Nevertheless, this study demonstrates that concerns regarding male infertility and cycling have not been born out in a large cross-sectional analysis.
The findings of this study demonstrated a direct relationship between risk of prostate cancer and cycling volume in cyclists aged over 50 years. This association was statistically significant after controlling for key confounding variables, including age. In addition, there was no association between cycling volume and primary care contact, suggesting that these findings are not simply because of increased health awareness. To the best of our knowledge, this is the first study to demonstrate an association between prostate cancer and cycling, so there are no studies hypothesizing a pathophysiological mechanism for such a link. Perineal trauma may represent the underlying pathophysiology. Testicular cancer has been linked to cycling because of repetitive trauma to scrotal contents. 8 Indeed, prostatitis has been described in cyclists 6 and a meta-analysis has demonstrated that a history of prostatitis is associated with an increased risk of prostate cancer. 29 The prevalence of prostatitis among cyclists is difficult to ascertain owing to a lack of evidence. Nevertheless, the effects of repetitive trauma on the prostate and carcinogenesis may be interesting avenues of study that may complement these findings. However, further prospective evidence is required to confirm this link. Indeed, it may be that cycling increases rates of diagnosis rather than risk of developing pathology. PSA has been found to be elevated in long-distance cyclists aged over 50 years.
14 In addition, urogenital complaints such as hematuria, known as ''bikeseat hematuria,'' perineal soft-tissue lesions, ED, and perineal sensory abnormalities that are associated with cycling 6 may lead to increased rates of investigation and subsequent diagnosis of other underlying conditions. This is speculative, however, but the presence of a biological gradient, and a compelling strength of association between prostate cancer and high cycling volumes warrant further investigation.
This study is subject to a number of important caveats. Since the study was Internet-based, there was no opportunity for interview or physical examination, which limits the ability to explore the reported diagnoses further. Moreover, the crosssectional design limits our ability to infer causality; however, in contrast to previous observational studies, the data are free of selection bias for ED, infertility, and prostate cancer. The use of self-reporting is also subject to certain inaccuracies; however, previous studies have shown self-reported ED and prostate cancer to be reliable. 25, 30 Data are lacking regarding selfreported infertility in men; however, women have been found to self-report infertility with good accuracy. 31 In addition, the nature of the study design, an anonymous online questionnaire, islikelytoreduceembarrassmentofreportingEDandinfertility, thuspotentiallyincreasingthevalidityoftheself-report.Theuse ofself-reportedphysicalactivitylevelsiscommonlyusedinthis field of research. [3] [4] [5] 17 The self-reported physical activity data were also internally validated by an inverse dose-response relationship with resting heart rate, which is reflective of a physiological bradycardia seen in higher levels of aerobic fitness.
Conclusion
In a large, detailed cross-sectional study of habitual cyclists, we present findings regarding the association between self-reported cycling time and ED, infertility, and prostate cancer. There was no biological gradient between cycling time and ED or infertility, which is at odds with previous suggestions of a causal relationship. The findings suggest a graded association between cycling and risk of prostate cancer, but whether this is a definitive association related to causation or diagnosis remains to be seen.
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